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OPTIMIZATION OF AIR TERMINATION SYSTEM
BY DIGITAL MODELLING METHOD
The paper deals with the principles of design of the digital model intended for the assessment of the
effectiveness of three lightning rods protecting two buildings in Polish Olshtyn-South substation
110/15 kV. The purpose of the model application is a selection of the optimal placement of these rods
that would assure maximum buildings safety. As a result, recommendations of lightning rods
placement that guarantees minimal lightnings frequency to the substation buildings were developed.
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Introduction. Researches on selectivity of lightning strokes have been performed
for many years, with electrogeometric theory principles taken into consideration. In
Poland, two research workers – Z. Flisowski and the author of this paper – have been
mainly involved in analysis of the above mentioned problem. They have presented
their achievements obtained using digital modelling methods in many scientific
publications (the earliest ones had been printed in late 70 s [3–6]).
In spite application of that analytical method in the field of the lightning
protection for many years (for calculations referred to selectivity mentioned before),
digital modelling was not applied – excluding some attempts of the author of the
present article – for optimization of shielding geometry of buildings. As a result, the
author undertook the trial using digital modelling to conduct accurate determination of
the optimal lightning rods location with number of these rods and their height
remaining without change, taking into consideration two buildings of Polish Olshtyn–
South substation 110/15 kV, shielded by three lightning rods.
Characterization of conside-
red system. The considered system
(substation buildings – lightning
rods) is shown in the Fig. l and in a
horizontal projection – in Fig. 2,
where, for illustration, the shielded
area is determined for the height of
buildings in question – the same in
both cases – on the basis of Polish
lightning protection regulations [10],
obligatory at the time of lightning
rods installation (those regulations
were replaced by corresponding
standard  [11]).  Fig.  l  and  Fig.  2  are
provided with the system of co-
ordinates taken up for analysis.
As it is shown in Fig. l, the
buildings of substation, which are
subjected to analysis, have cuboid shape; their real dimensions i.e. height, width and
length were taken for calculations (and so – for building A – 26.2 m; 6.7 m; 3.5 m and
– for building B – 17.1 m; 8.1 m; 3.5 m accordingly).
? P. Struzewski, 2009
Fig. 1. Schematic presentation of buildings (marked as
A and B) and protecting them initially lightning rods
(marked as I, II and III) of Olshtyn–South substation
110/15 kV in assumed system of co-ordinates Oxyz.
ISSN 0474-8662. ???????????????????????. 2009. ???. 30 (106) 53
Fig. 2. Horizontal projection of substation buildings and lightning rods presented schematically in
Fig. 1 – in Oxy plane; 1 – the range of lightning rod shielded area on the level of buildings height,
calculated according to formulae (1) and (2) – by radii a and b; 2 – the area which is not shielded
(at the same height).
The radii a = 10.5 m and b = 18.2 m are given in Fig. 2 in the same scale as real
dimensions of the substation buildings. These radii correspond to formulae as follows:
( )tgr ba h h? ? ? ; (1)
( )tgr bb h h? ? ? , (2)
where hr determines the height of lightning rods (which amounts to 14 m for each of
them); hb – the height of buildings (which amounts to 3.5 m); ? – external shielding
angle and ? – internal shielding angle (equal to 45? and 60? respectively [10]).
Fig. 2 leads to conclusion, that primary air termination system of the substation
buildings was not designed in proper way, because the significant part of building A
and some fragments of building B are outside the protected zones.
Description of assumptions. Within the range of assumptions taken into account,
the following items have been determined first of all:
– distribution of lightning current peak value I;
– distribution of leader approach angle ?;
– relationship between striking distance R and parameter I;
– length of square side – located in Oxy plane – from which points of contact
were selected of this plane with straight lines, positions of which are determined by
couples of co-ordinates of these points at the plane in question and couples of leader
approach angles;
– number of statistical tests.
Assumed distribution of lighting current peak value I (in kiloamperes) is based on
Polish measurements carried out by S. Szpor [15]. The density of log-normal
approximation of the distribution described above (with insignificant, double-sided
cutouts being neglected) can be described as follows [3, 5]:
21 1 ln 3.22( ) exp
2 0.970.97 2
Ig I
I
? ??? ?? ?? ? ? ?? ? ?? ?? ?
. (3)
Distribution of leader approach angle ? (in radians) was described by G. W.
Brown and E. R. Whitehead [1], who stated that, within the range of | |
2
?? ? ,
distribution density related to this angle can be presented as:
22( ) cosg ? ? ?
?
, (4)
what is (in spite of poor theoretical grounds ) not discussed in [2, 14].
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Relation between striking distance R (in meters) and lightning current peak value I
(in kiloamperes) is given by the following formula:
R(I) = 5.9I0.67, (5)
worked out specially for the needs of this paper, as a use full simplification of the
relationship:
( ) 30 1 exp
13.6
IR I I ? ?? ?? ? ? ?? ?? ?? ?? ?
, (6)
suggested and often used by the author (substantion of this relation is presented in [3],
[5] and [13]). It should be added, that distance R is treated as independent on struck
object geometrical parameters [5, 7, 12].
According to the adaptation of assumption taken by Z. Flisowski and the author of
this article [3], the side of aforementioned square was assumed as equal to
2 kilometers.
Number of statistical tests was determined, according to the other assumption
given in the recently mentioned publication, to be equal to 400 000. Taking into
account stormy conditions in Poland, where – as is frequently assumed – about
2 atmospheric discharges take place at the area of 1 square kilometer per year (such a
level of annual ground flash density should be treated as first approximation of this
parameter value [8, 9], what is herein insignificant), as well as mentioned side of
square, it corresponds to simulation for nearly 50 000 years.
Apart from the above mentioned considerations, it was assumed that the type
(kind), number and height of lightning rods would not be changed and that these rods
could not be located directly on the buildings in question.
As a parameter considered as criterion for optimization of lightning rods
localization, the author took percentage of lightning strikes frequency in the protected
buildings – coefficient p%, which is defined as follows [6]:
1
%
1 2
100%
np
n n
? ? , (7)
where n1– number of strikes into the substation buildings; n2 – number of strikes into
the lightning rods.
In view of the details mentioned above, the
lightning protection system for the substation buil-
dings could be considered as optimal one for the
lowest value of the above coefficient.
Algorithm of computations. Algorithm of
computations undertaken by the author is given in
Fig. 3.
The successive steps of algorithm are as
follows:
1 – start;
2 – input of data;
3 – selection of localization for lightning rods
in relation to shielded buildings;
4 – generation of parameters for modelling of
lightning and assessment of striking distance;
5 – calculation of contact point heights of
decision surfaces with straight line determining
position of the leader just before the moment of
decision and selection of the largest of them;
Fig. 3. Algorithm of computations;
see description in text.
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6 – checking whether the lightning struck the rod;
7 – checking whether the lightning struck the protected building;
8 – counting the lightning strokes into the air termination system;
9 – counting the lightning strokes into the protected buildings;
10 – counting the total number of computer modelled lightnings;
11 – checking whether the number obtained during the step 10 is equal to the
assumed one;
12 – checking whether all the lightning rods localizations assumed have been analysed;
13 – assessment of all the values of aforementioned percentage coefficient
referred to a frequency of lightning strokes into the substation buildings and selection
of its lowest value;
14 – preparation for printing of the data related to optimal localization of lightning
rods with comparison to their initially designed location;
15 – printing of data determined in the step 14;
16 – stop.
As it can be seen, from the description of step 14, it was referred not only to the
data corresponding to the optimal location of lightning rods, but to their initial location
as well. The author proceeded in this way in order to compare the effectiveness of
lightning shielding and the location of lightning rods in both cases.
It should be added that location of lightning rods – in their searched, optimal
variant – have some limitations (resulting from the ground shape around substation
buildings), their description was neglected in this paper.
Discussion of results. Results of computations related to number of lightning
strokes into the substation buildings and lightning rods, as well as assessment of
parameter p% resulting from these above computations – for optimal location of
lightning rods and for their primary location – are given in Table l.
Table 1. Obtained numbers n1, and n2 illustrating lightning strokes into the substation
buildings and into lightning rods as well as values of coefficient p% calculated according to
formu?a (7)
Optimal location of lightning rods
n1 n2 p%
1 922 0.11%
Primary location of lightning rods
n1 n2 p%
9 995 0.9%
In Table 2 the co-ordinates of points of the Oxy plane contacts with straight lines
are shown. They determine the location of lightning rods – for both cases taken into
account in Table l.
Table 2. Co-ordinates illustrating location of lightning rods in the plane Oxy (in meters)
Optimal location of lightning rods
No. of rod
I II III
xI yI xII yII xIII yIII
–4.1 –23.8 –32.2 –2 –1.9 8.9
Primary location of lightning rods
No. of rod
I II III
xI yI xII yII xIII yIII
–10 –17.7 –34.8 –3.9 –2.1 20.5
As it results from Table l, the optimization of lightning rods location is strictly
connected with significant limitation of lightning strikes into substation buildings, as well
as with some limitation (but of much smaller range) in number of strikes into lightning
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rods in question. Therefore the value of
p% has been reduced, at optimal location
of lightning rods, by over 8 times in rela-
tion to the value of that parameter at
initially designed location of lightning rods.
The analysis of Table 2 indicates
some reduction of triangle area determined
in Oxy plane by co-ordinates correspon-
ding to optimal location of lightning rods
in relation to an analogical area determined
by adequate co-ordinates corresponding
to the primary location of these lightning
rods (by over 9%). Graphic interpretation
of Table 2 is given in Fig.4.
CONCLUSIONS
Optimal location of lightning rods,
selected by means of computer operations,
is characterized by effectiveness of air
termination system decisively higher
than their initial location; increase of effectiveness in question was noticed as a result
of relatively very large reduction in number of strokes to the substation buildings and
relatively small reduction in the number of strokes to lightning rods.
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Fig. 4. Graphic interpretation of Table 2. Index
o is related to optimal location of lightning
rods, index p – to their primary location.
